The nuclear factor-kB (NF-kB) pathway is important in neuronal survival and in integration of external signals e.g. cytokines, glutamate, Ab and nerve growth factor (NGF). During rat cerebellar development NF-kB activity is high in granule cells before postnatal day 7 (P7) and declines after P7. Using gene expression pro®les, measured by cDNA arrays, up-regulation of transforming growth factor-beta2 (TGF-b2) was correlated with the developmental down-regulation of NF-kB. TGF-b2 depicted strongest, more than 4-fold, up-regulation in P12 versus P4 cerebella. In situ hybridization and immunohistochemistry con®ned upregulated TGF-b2 to granule cells and correlated mRNA and TGFb2-protein increase. Finally TGF-b2 repressed NF-kB activity, in an in vitro system resembling migrating cerebellar granule cells. Thus, TGF-b might ful®ll an important role in repressing developmentally activated NF-kB in granule neurons. q
Introduction
Nuclear factor-kB (NF-kB) is a transcription factor with post-translationally regulated activity, present in many neuronal cell types (for review see O'Neill and Kaltschmidt 1997) . Five mammalian NF-kB DNA-binding subunits are presently known: p50, p52, p65 (RelA), c-Rel and RelB (Baldwin, 1996) . From all NF-kB subunits, stimulating transcription, the p65 subunit contains by far the strongest transactivation domains (Schmitz and Baeuerle, 1991) . Knock-out of p65 with embryonic lethality underscores the imminent role of this subunit. Inhibitory proteins are IkB-a, IkB-b, IkB-g (p105), IkB-d (p100), and IkB-1 (Whiteside and Israel, 1997) . Within the nervous system heteromeric NF-kB is most frequently composed of two DNA-binding subunits (e.g. p50 or p65/RelA), which are either constitutively active or are complexed with the inhibitory subunit IkB-a (Kaltschmidt et al., 1993 (Kaltschmidt et al., , 1994 (Kaltschmidt et al., , 1995a (Kaltschmidt et al., ,b, 1997 Rattner et al., 1993; Guerrini et al., 1995) . Interaction of ankyrin repeats are covering the nuclear localization signal of p65 and p50 (Malek et al., 1998; Jacobs and Harrison, 1998) , thus keeping the complex in the cytoplasm. Activation of NF-kB results in the degradation of IkB, which in turn exposes the nuclear localization signals, resulting in a nuclear import of NF-kB (see Baldwin 1996 for review). In some subtypes of neurons NF-kB is constitutively activated (Rattner et al., 1993; Kaltschmidt et al., 1994; Schmidt-Ullrich et al., 1996) . In cerebellar granule cells NF-kB can be either activated by stimuli such as glutamate, kainic acid, amyloid b peptides and tumor necrosis factor-a or depolarization (Kaltschmidt et al., 1995a (Kaltschmidt et al., , 1999b Guerrini et al., 1995) . Recently it was shown that NF-kB activation protects against amyloid b peptide and glutamate toxicity (Kaltschmidt et al., 1999b; Mattson et al., 1997) . In addition NF-kB, activated by nerve growth factor (NGF) via the p75 neurotrophin receptor (Carter et al., 1996; Khursigara et al., 1999) is necessary for NGF mediated neuronal survival (Hamanoue et al., 1999) . Taken together a lot of knowledge on the nature of NF-kB activation and function in the nervous system has been accumulated, whereas in contrast to the immune system little is known about the mechanisms involved in down regulation of NF-kB activity.
Here we have analyzed which signals are responsible for the inhibition of NF-kB activity during cerebellar development. Using an unbiased DNA array approach we found that transforming growth factor beta (TGF-b2) is, in accordance with its role in the immune system (Arsura et al., 1996) , capable to rapidly turn down NF-kB activation. TGF-b regulates cell growth, differentiation, cell death and mediates immune modulatory functions, thus as suppressing T-and B-lymphocyte growth and antibody production (Fontana et al., 1992) . In this line TGF-b1 knock out mice show a multiorgan in¯ammation, manifested as a massive in®ltration by in¯ammatory cells (Shull et al., 1992; Kulkarni et al., 1993) and die 20 days after birth. TGF-b is produced in the CNS: TGF-b1 mRNA is detected during development in the meninges and choroid plexus both in embryos and adults, whereas TGF-b2 and TGF-b3 mRNAs and protein is detected in various regions such as choroid plexus, hippocampus, Purkinje cells and cerebellar granule cells (Heine et al., 1987; Flanders et al., 1991; Unsicker et al., 1991; Constam et al., 1994) .
TGF-b functions as survival factor for embryonic motoneurons, dopaminergic and neonatal sensory neurons (Martinou et al., 1990; Chalazonitis et al., 1992; Krieglstein et al., 1995) . In contrast, TGF-b1, TGF-b2 and TGF-b3 can induce apoptosis in cerebellar granule cells (de Luca et al., 1996) , depending on the state of depolarization.
In the present study we report: (1) a ®ne mapping of NFkB activity during rat cerebellar development; (2) an unbiased search for potential modulators of NF-kB activity during development, identifying strongest up-regulation of TGF-b2; (3) functional evidence for TGF-b2 as a regulator of NF-kB activity in cerebellar granule cells.
Results
Here we have analyzed potential mechanisms for the developmental downregulation of NF-kB activity in the developing rat cerebellum. The developing cerebellar cortex is characterized by four cell layers: the so called external germinal layer (egl) on the pial surface of the cerebellum, the molecular layer (mo), the purkinje cell layer (pcl) and the internal granule cell layer (igl) (see Fig. 1A ). Early in development, granule cell precursors (neuroblasts) proliferate in the super®cial part of the germinal cell layer (Fig. 1A,  P4 ). The peak of granule cell proliferation in rats is from P8 to P15 (Altman, 1969) . Then postmitotic granule cells descend into deeper regions of the egl, where they build two long processes, the parallel ®bers. Thereafter, a descending process grows, which directs the migration of the granule cells through the molecular layer and the Purkinje cell layer along the radially aligned Bergmann glial ®bers (P12). Postmigratory granule cells settle in the internal granule cell layer, where they extend short dendrites and their parallel ®bers contact the dendritic tree of Purkinje cells (see Fig. 1A, adult) . At the end of the cerebellar development the external germinal layer is dissoluted, marking the cessation of granule cell neurogenesis (Bayer and Altmann, 1995) . Therefore the mature cerebellar cortex contains three layers: the molecular cell layer, the Purkinje cell layer and the granule cell layer (gcl).
Initially a switch of NF-kB activity was described to occur between postnatal day 5 and 7 (Kaltschmidt et al., 1995a) . Using an activity speci®c antibody, recognizing only the activated form of NF-kB, we have ®ne mapped this switch. Cerebella from rats were prepared from postnatal day 1 to adult. Starting at P1 in all layers (egl, igl, mo) strong NF-kB activity could be seen. This activity was con®ned to neuroblasts in the developing cerebellum (Fig.  1B) . NF-kB activity was present from days 1±5, with a peak of activity in the developing external germinal layer (egl) (Fig. 1B, left panel) . In contrast to this long lasting NF-kB activity in early developmental stages, a sharp drop in NFkB activity was observed from postnatal day 7, over P12 (Fig. 1B , middle panel) until adult stages. Only a few sporadic immunopositive non-granule cells were detected (Fig.  1B) . Inhibition of NF-kB activity occurred until adult stages (Fig. 1B, right panel) . At this stage granule cells showed no nuclear NF-kB activity, in contrast to Purkinje cells, which showed alternating nuclear activity (Fig. 1B, right panel) . We tried to elucidate pathways in the cerebellum which modulate NF-kB activity. Therefore we analyzed, as an educated guess, several of known NF-kB target genes in two prototypic developmental stages representing high (P4) and low (P12) NF-kB activity. A typical NF-kB target gene in the nervous system is IL-6 (Lieb et al., 1996) . Surprisingly no developmental change in IL-6 immunoreactivity was detected (data not shown). Therefore we analyzed The state of NF-kB activity in the developing cerebellum. Sections of the cerebellum from P4, P12 and adult animals were analyzed by indirect immuno¯uorescense with an activity-speci®c anti-p65 antibody. Note the strong nuclear localization of NFkB in cells of the external germinal layer (egl), the developing molecular layer (mo) and internal germinal layer (igl). After P5 the NF-kB activity is strongly reduced in all cell layers of the cerebellum. Only some endothelial like cells are immunopositive for NF-kB. In the adult cerebellum, NF-kB activity is inhibited in granule cells (gcl), only some Purkinje cells showed strong nuclear immunostaining with the anti-p65 antibody. Bar depicts a size of 50 mm. more NF-kB target genes such as: major histocompatibility complex 1, amyloid b precursor protein, Cyclooxygenase II and the neural cell adhesion molecules N-CAM and L1. None of these proteins analyzed with immuno¯uorescence showed any type of regulation compatible with the NF-kB activation or repression.
Therefore we switched to a more unbiased approach to analyze changes in steady state levels of mRNA. We used a cDNA array (Lennon and Lehrach, 1991; DeRisi et al., 1996; Brown and Botstein, 1999) where 588 cDNAs are spotted in duplicate on nylon membranes (type I experiment (DeRisi et al., 1996; Eisen and Brown, 1999) . Many mRNAs seem to be present in higher amounts in the older developmental stage (P12). The here used macroarrays contained selected genes grouped in 6 quadrants ( Fig. 2) . Functional groups in quadrants consist of oncogenes and cell cycle regulators (quadrant A), stress response and signal transduction molecules (quadrant B), apoptosis related genes (quadrant C), transcription factors (quadrant D), receptors (quadrant E) and cell-cell communication molecules (quadrant F). RNAs prepared from pooled cerebella of P4 and P12 animals was reverse transcribed and labeled with 32 P. Hybridization of two identical ®lters with both RNA pools and phosphoimaging revealed a striking difference between both developmental stages ( Fig. 2) . For better visibility of differential regulation, the intensity of the phosphoimages obtained with the mRNA of P4 and P12 cerebella was assigned to shades of green and red respectively. A merged version of both pseudocolor images is depicted in Fig. 2 . The most striking difference was measured with the spots containing the cDNA for TGF-b2 ( Fig. 2 see arrowhead). Measuring each spot separately avoids artifacts, which exist due to small differences in the position of the spots on the ®lter membranes or different shrinkage of the membranes. In addition, differences in the labeling of the two compared RNA pools and hybridization were corrected with the help of house keeping genes (see yellow dots in the lower panels of Fig. 2 ). In accordance with previous reports (DeRisi et al., 1996; Iyer et al., 1999) we observed many spots with nearly identical intensity and high expression (yellow in Fig. 2) . Only a few mRNAs were downregulated (green color, Fig. 2 ), whereas most of the mRNAs seem to be upregulated at P12 (red color in Fig. 2) . Table 1 summarizes the fold changes, observed in the two developmental stages of the cerebellum.
Genes known to be involved in proliferation and cell cycle regulation (see original data of quadrant A in Fig. 2) showed upregulation in P12 cerebella RNA. More than twofold changes in gene expression were found with probes for c-myc, c-ski, cyclin D3, TOB-PEN, CDC-like kinase 2 and prothymosin alpha (Table 1) .
Several genes relevant for stress response are upregulated during cerebellum development (see quadrant B of Fig. 2) . These include the genes for TrkB, Rab 5a, ATF2 (CREB 2), protein 14-3-3, CREB 1, ERK 1 and 3; JNK3 and MAPK2 (Table 1) .
Many genes relevant for apoptosis, DNA-synthesis, repair and recombination were strongly upregulated (see quadrant C of Fig. 2) . These include the genes for TRADD, PTPase zeta, FLT3 ligand, GADD45, Pur alpha, DNA topoisomerase II (Table 1) . For this study it is important to note, that TGF-b, which is also vastly increased during cerebellar development at P12 (quadrant F) is known to elevate the expression of GADD 45 (Landesman et al., 1997) . Indeed the expression of GADD 45 is almost as much upregulated (3.7-fold) as found for TGF-b. Downregulation was seen with the gene for c-myc TF PuF (Table 1) .
In quadrant D (Fig. 2) the expression of several transcription factors were analyzed. Downregulation was observed for ID-3, EGR-1, ETR101, whereas upregulation was seen for the CACCC box binding protein, NFI-X, YY-1, I-TRAF, TCEA1 and CNBP (Fig. 2) .
In quadrant E the expression of several receptors were analyzed. Gene expression of integrin beta 4 was strongly downregulated, whereas the following genes were strongly upregulated: contactin 1, insulin receptor, LFA-1, EBI3 and alpha adrenergic receptor (see Table 1 ).
In quadrant F some molecules involved in cell-cell communication were analyzed. Downregulation was observed for thymosin b 10 and pleiotrophin, whereas M-CSF, FGFR-1, M-CSF were upregulated. The strongest upregulation was seen with a probe for TGF-b2 (Table 1) , which was chosen for further detailed functional analysis (see below). Grouping of the genes in Table 1 was done for their potential involvement in biochemical pathways. Taken together some of the genes with strong coordinated regulation such as CREB-1, TGF-b2, c-ski and GADD 45 might be part of a TGF-b regulatory network (see Fig. 7 ). In order to con®rm the results obtained with the array blot, we used in situ hybridization to analyze the distribution of TGF-b2 mRNA in the developing cerebellum. Anti-sense probes speci®c for rat TGF-b2 mRNA were used together with the corresponding sense controls. As with the array blots, two different developmental stages (P4 versus P12 cerebella) were analyzed. In accordance with the array blot data, we could detect a strong upregulation of TGFb2 mRNA at P12 in cerebellar granule cells of the egl layer (Fig. 3) . The increase in¯uorescence intensity over P4 was in the same range (4-fold) as measured with the array blot. Sense probes were used for control hybridizations and showed no signi®cant labeling (data not shown).
Using a TGF-b-speci®c antibody, we could extend the RNA in situ hybridization data to a developmental regulated protein expression (Fig. 4) . At the developmental stage P4 the anti-TGF-b immunoreactivity is very low, but a strong increase at P12 (Fig. 4) was detected. Cytoplasmic immunoreactivity was found in granule cells from the external germinal layer. In situ hybridization data suggest granule cells as a source for TGF-b, which might later on diffuse in the molecular layer and the developing internal germinal layer. Purkinje cells were only sparsely stained in accordance to a previous study . Staining controls omitting the ®rst antibody showed no speci®c staining (data not shown).
In order to test the functional effect of TGF-b2 on NF-kB activity we developed an in vitro system, resembling cerebellar granule cell development in vivo. This system extends the initial observation from monocytes, that NFkB activity is rapidly inhibited via IkB after adhesion (Haskill et al., 1991; Lofquist et al., 1995) . Therefore we manipulated the adherence cues for cerebellar granule cells in vitro. After a short coating time, resembling a lower adhesive cue, a strong and long-lasting activation of NFkB (Fig. 5) was seen. Coating a long time (standard conditions) lead to repressed NF-kB activity (Fig. 5 , compare upper and lower panels), which could be reactivated with glutamate/kainate (Guerrini et al., 1995; Kaltschmidt et al., 1995a) and low amounts of Ab or TNF-a (Kaltschmidt et al., 1999b) . Using this paradigm a treatment with 5 ng/ml TGF-b2 for 1 h was already suf®cient to turn down constitutivley activated NF-kB to basal levels (Fig. 6) . Similar results were obtained after treatment with 10 ng/ml TGF- Fig. 3 . Localization of TGF-b2 RNA by in situ hybridization A strong mRNA expression of TGF-b2 could be seen in the cytoplasm of granule cells from the external germinal layer (egl) at postnatal day P12 (left panel: P12 anti-sense), whereas at P4 nearly no TGF-b2 mRNA could be detected (left panel: P4 anti-sense). Cytoarchitecture is depicted as nuclear staining with DAPI (right panels, blue). Fig. 4 . Localization of TGF-b2 by immuno¯uorescense microscopy. Sections of the cerebellum from P4 and P12 animals were analyzed with an anti-Pan TGF-b2 antibody (left panels, red). Note the strong increase of TGF-b2 immunoreactivity in all layers of the developing cerebellum at postnatal day P12 (lower left panel) in comparison to P4 (upper left panel). Cytoarchitecture is depicted as nuclear staining with DAPI (right panels, blue). egl, External germinal layer, mo, molecular layer. Fig. 5 . NF-kB activity depending on cell adhesion The coating of cell culture dishes can dramatically change the NF-kB activity in cerebellar granule neurons. A 2 h coating procedure with poly-ornithin led to repressed NF-kB activity (upper panel), whereas short coating resulted in strong activation of NF-kB (lower left panel). For better visibility of nuclear localization, the cells were counterstained with DAPI (right panels, blue).
b2, but not with increased amounts of control protein (10 ng/ml bovine serum albumin (BSA)).
This points to an important role for TGF-b2 in turning down NF-kB activity during early development of the cerebellum.
Discussion
In this study we have shown a novel signaling pathway for TGF-b2 via an inhibition of NF-kB activity in rat cerebellar granule neurons. Fine mapping of NF-kB activity during cerebellum development showed a constitutive activity present in early developmental stages starting after birth at P0 to P5. This activity was followed by a sharp reduction of NF-kB activity from P7±P23 (adult animals). Cultures obtained from immature cerebellar granule cells mature in vitro and loose their constitutively activated NF-kB. The repressed NF-kB activity can be reactivated in vitro via stimulation of ionotropic glutamate receptors, low amounts of Ab and TNF-a or depolarization (Kaltschmidt et al., 1995a (Kaltschmidt et al., , 1999b Guerrini et al., 1995 Guerrini et al., , 1997 Now an ample literature exists about the stimuli leading to activation of NF-kB in neurons, whereas not much is known about repressing NF-kB signals.
Therefore we used an unbiased DNA array approach to map changes of gene expression in developmental stages with NF-kB activation (P4) in comparison to stages without NF-kB activation (P12).
Immediately evident is the highly upregulated mRNA of TGF-b2, (see Fig. 2, arrow head) . The TGF-b family of cytokines are ubiquitous, multifunctional and essential for survival. They play important roles in growth and development, in¯ammation, repair and host immunity. A role for TGF-b2 in cerebellar granule cells was recently described (de Luca et al., 1996) . Cerebellar granule cells can be kept for weeks in medium mimicking the endogenous glutamatergic input from mossy ®bers. A standard way to mimic this input is to induce a weak depolarization via 25 mM KCl in culture medium. When cultures are kept at low K 1 concentrations increased apoptosis is observed (de Luca et al., 1996) . TGF-b2 strongly increases apoptosis of rat cerebellar granule cells kept at 5 mM K 1 (de Luca et al., 1996) . On the other hand cerebellar granule cells are resistant to the proapoptotic action of TGF-b2 when cultured in high K
1
. In this line we have recently described that NF-kB is inhibited in cerebellar granule cells cultured in high K 1 and can be reactivated by stimulation of ionotropic glutamate receptors (Kaltschmidt et al., 1995a) . Under low K 1 concentrations cultures of cerebellar granule cells have constitutively activated NF-kB (Kaltschmidt, unpublished data) , suggesting a counteracting rescue mechanism. In this line we have previously shown, that NF-kB activation is neuroprotective in cerebellar granule cells against Ab toxicity and that this protection could be abrogated when inhibiting NF-kB activation with IkB-a (Kaltschmidt et al., 1999b) .
Which might be the function of NF-kB in cell proliferation? Inhibition of NF-kB activity can have a dual effect depending on the experimental paradigm: in some systems NF-kB inhibition leads to a stop in proliferation (Kaltschmidt et al., 1999a; Hinz et al., 1999; Guttridge et al., 1999) . In contrast, in ectodermal tissue such as skin, inhibition of NF-kB activity leads to increased proliferation. Topical application of the NF-kB inhibitor PDTC to skin induces epidermal hyperplysia. The same proliferation of epithelial cells was seen when a transdominant form of IkB was expressed in transgenic skin (Seitz et al., 1998) . Recently it was shown that overexpression of TGF-b2 also lead to epidermal hyperplasia (Wang et al., 1999) . This might point to a function of TGF-b as a proliferative signal, signaling via the inhibition of NF-kB activity. Here we have shown, that TGF-b inhibits NF-kB in cerebellar granule cells. This might resemble the situation in epidermal tissue, were inhibition of NF-kB results in increased proliferation. In line with this hypothesis it has indeed been shown, that TGF-b2 could control proliferation of cerebellar granule cells (Kane et al., 1996) . Also quail neuroblasts show increased proliferation after the addition of TGF (Zhang et al., 1997) and several types of TGF-b receptors are expressed in the cerebellum (Ryden et al., 1996; Bottner et al., 1996; Kang and Reddi, 1996) .
It has been shown that coordinated induction of gene expression obtained via array analysis could be indicative for related metabolic pathways (e.g. Iyer et al., 1999) . Genes known to be involved in TGF-b2 signaling were strongly upregulated in the cerebellum at P12 (see Fig. 7 ). Transcription factor CREB1 is strongly upregulated in P12 (3.3 fold, Fig. 6 . NF-kB activity in cerebellar granule cells is repressed by TGF-b2. Cultures with activated NF-kB induced by short coating (see Fig. 5 ) were treated with TGF-b2 or with BSA as control. Note the strong reduction in nuclear NF-kB staining after treatment with TGF-b2 for 1 h. For better visibility of nuclear localization, the cells were counterstained with DAPI (right panels, blue).
see Table 1 ). Interestingly it was recently shown that TGFb2 is a target gene of CREB1 (Kingsley-Kallesen et al., 1999) . In accordance with this model we detected strong upregulation of TGF-b2 (4.1-fold). Similarly c-Ski is upregulated 3.2 fold and was described as a modulator of TGF-b signaling (Sun et al., 1999) . Finally Gadd45, which could be associated with cell growth inhibition, DNA damage response and DNA repair, might be a target gene of TGFb2, as described for non-neuronal cells (Landesman et al., 1997) .
As analyzed in cultured cerebellar granule cells TGF-b2 could down-regulate NF-kB activity. Interestingly this later period of down-regulated NF-kB activity is characterized by a highly active proliferation of granule cells in vivo (Altman, 1969) . Thus it is reasonable to speculate that the NF-kB activity is correlated with the immature status of the three interneurons: basket cells, stellate cells and granule cells. Later on NF-kB activity might be turned down to allow the proliferation and maturation of cerebellar granule cells.
Taken together TGF-b might ful®ll in addition to its NFkB repressing activity in the immune system an important role in repressing developmentally activated NF-kB in neurons.
Experimental procedures

Immunostaining of brain tissue
Wistar rats were decapitated at P1, P3, P5, P7, P12, P15 or P23 (adult) as described (Kaltschmidt et al., 1995a) . Brie¯y, brains were removed, embedded in OTC compound (Miles±Bayer, Leverkusen, Germany) and quick frozen in liquid nitrogen. Cryostat sections (8 mm) were cut from the cerebella and mounted on gelatine-coated glass slides. Brain slides were ®xed in methanol for 5 min. Immunohistochemistry for NF-kB was done with an anti-p65 monoclonal antibody (Roche, 1:50) and detected with an anti-mouse antibody decorated with streptavidin Cy3 (Jackson Immuno Research, 1:400). For the immunohistochemical analysis of TGF-b2 we used a polyclonal anti-Pan TGF-b2 antibody (Sigma, 1:400) which was detected with an anti-rabbit antibody decorated with streptavidin Cy3 (Jackson Immuno Research, 1:400). Nuclei were stained with the¯uorescent dye 4
H ,6-diamidino-2-phenylindole (DAPI; Roche) (Kaltschmidt et al., 1995a) . At least ten representative cerebellar sections were analyzed from each developmental stage (P1±P23; n 5).
Array blots
Poly(A)
1 RNA was isolated from cerebella of P4 and P12 age mapped animals from different litters. These RNAs were reverse transcribed and labeled with 32 P according to the manufacturer's protocol (Clontech). Labeled probes were hybridized to Atlas human cDNA array blots (http:// atlasinfo.clontech.com). Hybridization results were evaluated as phosphoimages with ImageQuant (Molecular Dynamics). Differences in phosphoimage signals between the spotted doublets of each cDNA were less than 10%. For Table 1 ratios of intensities were calculated as P12:P4. Down-regulation was indicated by negative values and computed as ratio P4:P12. Pseudocolor images were generated with IP-Lab Spectrum. Data base homology searches revealed a more than 80% nucleotide identity between human and rodent cDNAs for the hybridizing spots on the ®lters.
Primary culture, coating and immuno¯uorescence
Primary cerebellar granule cell cultures were prepared from 6±7 day old pubs of Wistar rats as previously described (Kaltschmidt et al., 1995a) . Coating of chamber slides was either done under standard conditions (0.001% poly lornithin, MW 30 000±70 000 in water for 2 h), which results in cultures with inducible NF-kB, or with short coating (0.001% poly l-ornithin, MW 30 000±70 000 in water for 15 min) resulting in granule cell neurons with high constitutive NF-kB activity.
Cells were treated with the indicated concentrations of human recombinant TGF-b2 (Roche). Human TGF-b2 is active on mouse, rat and human cells due to the high homology of this cytokine between the species. We applied 5 ng/ ml and 10 ng/ml TGF-b2 to cerebellar granule cells for 1±6 h. As an unspeci®c protein control we added 10 ng/ml BSA for 1±6 h to the cultures, which had no inhibitory effect on NF-kB.
After the TGF-b2 treatment, cells were ®xed for 2 min in ethanol and for 5 min in 3.7% formaldehyde and immunostained with an anti-p65 monoclonal antibody (Roche, 1:50), detected with an anti-mouse antibody decorated with streptavidin Cy3 (1:400). 
